10% formalin and 3 ml of diethyl ether were added, hand shaken and the mixture was 141 centrifuged at 2000 rpm for 3 minutes. The diethyl ether layer, the particulate plug and the 142 formalin below it were discarded and the sediment was retained for examination (Alexander, 143 2014).
144
Auramine-phenol staining and microscopic analysis 145 The sediment was washed in 10ml of 1Χ PBS) pH 7.4 and span at 5000g for 10 minutes and the 146 supernatant discarded. This process was repeated three times. The sediment was re-suspended in 147 200µl of 1Χ PBS pH 7.4 and 50µl of the mixture was used to prepare smears on slides. The 148 slides were air dried and fixed with absolute methanol for 3 minutes before staining. 149 The slides were stained using the auramine phenol technique according to the Alexander (2014) . 150 The slides were immersed in auramine phenol stain for 10 minutes. The stain was then rinsed off 151 in tap water and the smears decolorized with 3% acid alcohol for 5 minutes. The smears were 152 counterstained in 0.1% potassium permanganate for 30 seconds and rinsed in water to remove 153 the excess stain. The smears were air dried at room temperature and examined for the presence 154 of oocysts, using a fluorescence microscope equipped with FITC filters, by scanning the slide 155 under the ×20 objective lens and confirming for the presence of oocysts under the ×40 DNA was used as a negative control and included in each experiment. A positive control was 169 also included. The following cycling conditions were used; initial denaturation for 5 minutes at 170 94°C, followed by 50 cycles of denaturation at 94°C for 30 seconds, annealing 55°C for 1 minute 171 and extension 72°C for 45 seconds with a final extension of 72°C for 7 min. and a 12°C hold. A 172 second run was performed on the samples with the second set of primers (Cry9 and Cry 15). The
173
PCR conditions were identical to the one in the primary run except the annealing temperature 174 which was reduced to 52°C for 1 minute. PCR products were separated on a 1% agarose gel 175 stained with ethidium bromide and visualized using a UV gel documentation system (UV pro). A kit (QIAGEN, Germany). The quality and quantity of the purified PCR products was checked 179 with the NanoDrop 1000 spectrophotometer (Thermo Fisher, USA) and then sent for Sanger 180 sequencing at Inqaba biotech in South Africa. The overall prevalence of Cryptosporidium infections in the cattle quantified by microscopy 196 using phenol auramine staining method was 7.7% (28/ 363). Farm 2 had the highest infection 197 rate (33.3%), followed by farm 7 (25%), 8 (18.5%), 11 (7.1%), 1 (6.9%), 6 (4.3%) and lastly 4 198 (3.6%). A difference in the prevalence by breed was observed (Crosses 9.2%, Ankole 5.7%, Friesian 201 7.1%, Boran 2.8%), (Table 3) . However the difference observed was found to be statistically 202 insignificant (Table 4 ). The nucleotide sequences of the COWP gene fragment were aligned using ClustalW (see 235 additional file 1) and showed that the sequences from this study were highly identical to C. The aim of this study was first to determine the prevalence of Cryptosporidium in cattle 250 bordering the LMNP using microscopy. The study also aimed to genotype the isolated 251 Cryptosporidium species in order to determine if the cattle posed a zoonotic threat to the local 252 human population.
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The overall Cryptosporidium prevalence in this study was 7.7% which is comparable to the 254 prevalence 7.7% and 7.8% obtained in Kenya and Ethiopia by Kang'ethe et al., (2012) and 255 Wegayehu, Adamu, & Petros, (2013) respectively. However the prevalence obtained in this 256 study is higher than 2.2% previously reported in western Uganda by Salyer, Gillespie, Rwego, 257 Chapman, & Goldberg, (2012). The possible explanation for this difference could be due to the 258 variation in sampling techniques as well seasonality. The samples in this study were collected 259 during the dry season when higher pressure is exerted on the scarce water sources which results 260 poor sanitation practices that facilitate transmission (Kang'ethe et al., 2012) . Furthermore, the 261 prevalence reported in this study was much lower than a previous report of 38% in calves by 262 Nizeyi et al., 2002 . This difference in prevalence could be due to age-related susceptibility with 263 calves at a higher risk of Cryptosporidium infection than adult cattle because of their naive 264 immunological status (Brook, Hart, French, & Christley, 2008; Maddox-Hyttel, Langkjaer, 265 Enemark, & Vigre, 2006; Maikai et al., 2011; R. P. Smith, Cheney, & Giles, 2014) .
266
In this study, breed associated differences in the distribution of Cryptosporidium infection was 267 observed. The infection rate of Cryptosporidium in crosses (9.2%) was higher than that of the 268 Friesian breed (7.1%), Ankole (5.7%) and Boran (2.8%). This variation could be due to native 269 breeds being more resistant to diseases than the exotic breeds and crosses (Mwai, Hanotte, 270 Kwon, & Cho, 2015) . However this difference in infection was found to not be statistically 271 significant. Age was not a risk factor in the prevalence of Cryptosporidium infections in this 272 study however this differed from reports in previous studies where calves were at a significantly 273 higher risk of infection as compared to adult cattle (Fayer et al., 2007) . This narrow specificity may also have led to the failure to successfully amplify the 8 isolates 283 (Xiao, 2010) .
284
BLAST search comparison of the sequenced COWP gene fragments indicated that the all 285 sequences generated in this study (KY586953-KY586963) are C. hominis. These C. hominis 286 sequences however also showed great similarity with C.parvum and this is because there is only 287 a 3-5% sequence divergence between C. hominis and C. parvum (Xu et al., 2004) . Phylogenetic 288 analysis of gene sequences from this study showed that all the sequences clustered into a single 289 clade, with known C. hominis sequences from the GenBank, with a bootstrap value of 95%. This 290 bootstrap value indicates that this clustering is highly supported and further emphasizes that the 291 sequences generated from this study were isolated from C. hominis.
292
The findings of the present study indicate that Cryptosporidium spp. infections are prevalent in 293 cattle in Kiruhura district. This is the first report documenting the isolation of C. hominis from 294 cattle in Uganda. It is generally accepted that C. hominis primarily infects humans with no 295 animal reservoir. However there is growing evidence indicating that C. hominis infects livestock 296 (Giles et al., 2009; Guk, Yong, Park, Park, & Chai, 2004; Kang'ethe et al., 2012; Rajendran et 297 al., 2011; Smith et al., 2005) . This study further substantiates of arthroponotic transmission of The datasets used and/or analysed during the current study are available from the corresponding 320 author on reasonable request.
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